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Data
Boundary files (ESRI "shapefiles") for irrigated lands in Colorado were acquired from the Colorado Water Conservation Board (CWCB). The data consisted of boundaries, the type of crop irrigated, and the type of irrigation applied. Available data were from 2005. For legal and other reasons, only incomplete data were available for the Upper Arkansas River Basin (Upper Arkansas Basin), and no data were available for the Republican River Basin (Republican Basin). This lack of data was problematic because these basins comprise a large proportion of irrigated lands in the state. However, an older irrigated lands data set, which included these basins, was available through Colorado State University, and it was used to fill the gaps in the CWCB data. Figure 1 shows the complete irrigated lands in the state as well as the Republican and Upper Arkansas Basins.
For photovoltaic solar resource data, a data set that contains the annual average solar resource data for a tilt=latitude collector was used. The data are a 10-km satellite modeled data set representing data from 1998 to 2005 for the contiguous United States. 
Analysis
Identifying CPI Fields
Starting with a statewide coverage of irrigated lands in Colorado, CPI fields were extracted using the data attributes (Figure 2 ). Plots of land containing CPI fields were assumed to be generally square with one side parallel to lines of latitude. Additionally, CPI fields were assumed to be centered on plots of land to maximize coverage by the center-pivot sprinkler. These assumptions were affirmed both in discussions with the contacts at Colorado State University who provided some of the data as well as through visual inspection of aerial imagery. A rectangular envelope was calculated around each of these circular fields, which delineated an approximate property boundary based on the assumptions.
Identifying Available Corners
To estimate available corners, all irrigated lands were extracted from the envelope areas, as were significant water bodies (Figure 3 ). This effectively removed the CPI field as well as corners actively being irrigated using other methods such as flood irrigation (Figure 4) . Visually inspected results were compared with aerial imagery to locate anomalies and verify the assumptions. Adjacent CPI fields frequently produced corner plots with shared or nearly shared boundaries (Figure 3) . Adjacent plots from different CPI fields generally were not joined, as it was not known where property boundaries, fences, roads or other features would hinder or prevent adjacent plots from being considered as one plot. Exceptions were made for overlapping CPI fields, which were assumed to belong to the same owner and to be undivided by other features.
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Figure 1. Irrigated lands in the Upper Arkansas and Republican Basins
Removing Remaining Fragments As a final step, numerous slivers were found where fragments of envelopes remained after irrigated lands were removed. For example, if an envelope was drawn around a CPI field, and all four corners were being irrigated, the removal of these corners along with the CPI field itself could leave behind thin strips or slivers of land where envelope boundaries did not quite align with known field boundaries. These slivers were not useful either because they represented land that was not actually available or because they were too narrow to be useful for installing PV. To reduce such occurrences, the isoperimetric inequality (IE) or "compactness" of the remaining polygons was calculated. A nearly circular polygon will have an IE approaching 1.0, reflecting maximum compactness as in a perfect circle. Very long, narrow polygons will have a significantly smaller IE. For this analysis, it was determined that any polygon with an IE of less 3 than .05 and a total area less than 20 square meters were unlikely to be viable areas in the analysis and were removed, thus adequately reducing the occurrence of the slivers ( Figure 5 ).
Determining System Size
Non-irrigated plots of land in this analysis, primarily being corners of CPI fields, were typically triangular. A NREL study by Ong 2 (forthcoming
Applying Solar Resource Data
) found that approximately 71% of the area of triangular plots of land could be covered with PV infrastructure. This same study also found 6.38 acres per megawatt to be the average capacity-based area requirement or number of acres of PV panels required to generate 1 megawatt (MW) of electricity. Using these figures, the remaining area (71%) of each plot was divided by 6.38 acres/MW to estimate the system size.
The photovoltaic solar resource data for Colorado were classified into quarter kilowatt intervals (e.g., 6.0-6.25, 6.25-6.5), and available plots were associated with a resource range based on their locations. Plots were assigned the resource range they fell into based on geographic location. With the known resource range, total annual production was calculated using available acreage and NREL's System Advisor Model. Having both an IE of less than .05 and an area of less than 20 square meters, the sliver was removed from the data set.
Results
The total area of non-irrigated corners of CPI fields in Colorado was estimated to be 314,674 acres, which could yield 223,418 acres of installed PV panels assuming 71% coverage in triangular plots. The total potential annual electricity production for the state was estimated to be 56,821 gigawatt hours (GWH). Table 1 shows approximate acreage and capacity by county. Note that the county summary includes total acreage and capacity for all available plots that occur within the county, even if a plot crosses the county border into a neighboring county. Such plots were not split at county boundaries, and the full acreage and capacity was summed for every county within which it occurs. This double counting of some plots was applied only to county summaries to prevent the splitting of plots that might not have a geographic division. State area and electricity production estimates counted each plot only once. 
Conclusion
Colorado potentially has a large untapped resource for generating renewable energy through PV installations on non-irrigated farmland. Analysis of irrigated cropland data suggests that PV installations on even a fraction of the non-irrigated corners of CPI fields on Colorado's farmlands could contribute significantly to Colorado's RPS goals.
